Objectives: The aims of this study were to evaluate the incidence of sagittal malalignment including kyphosis following cervical laminectomy without fusion as treatment for cervical spondylotic myelopathy and to assess any correlation between malalignment and clinical outcome. Study Design: Retrospective cohort study.
Introduction
Cervical spondylotic myelopathy (CSM) is the most common cause of spinal cord dysfunction in patients older than 55 years. 1, 2 Cervical laminectomy is a well-established surgical treatment option for multilevel CSM, 3, 4 even though the risk of postoperative kyphosis has been a concern since the first reports in the late 1980s, [5] [6] [7] when Mikawa et al observed 14% and Ishida et al 7 24% incidence of kyphosis after laminectomy. A decade later, Guigui et al 8 reported an incidence of 31% and Matsunaga et al 9 34%. Kato et al 10 examined 52 patients treated with laminectomy for ossification of the posterior longitudinal ligament (OPLL) and found a 47% incidence of kyphosis. Kaptain et al 11 observed that 9 of 42 patients (21%) with either straight or lordotic alignment in the preoperative period developed kyphosis following laminectomy for CSM. Progression of this deformity was more than twice as likely to occur among patients who preoperatively demonstrated a straight spine. These findings are thoroughly discussed in a systematic review by Ryken et al. 3 In a more recent study, van Geest et al 12 reported a 15% incidence of kyphosis postoperatively which occurred almost exclusively among patients with preoperative lordosis of less than 20 . However, development of kyphosis following cervical laminectomy has not clearly been shown to influence clinical outcome. 3, 5, 8, [10] [11] [12] [13] Decompression allows dorsal migration of the spinal cord away from anterior compressive osteophytes, decreases compression of the spinal canal itself, and improves vascular perfusion 3 in neutral or lordotic cervical spine curves. Cervical kyphosis may impede the posterior drift of the neural structures away from anterior compressive elements, resulting in residual compression of the spinal cord. In addition, sagittal malalignment may have an impact on load bearing involving cervical spine muscles. 14 The aims of this study were to evaluate the incidence of sagittal malalignment following cervical laminectomy without fusion and to assess any correlation between malalignment and clinical outcome.
Methods and Materials
In all, 60 patients who had cervical laminectomy without fusion to treat CSM were followed up an average of 8 years (range 4-13) postop. No patient showed OPLL. We searched our database for patients operated between October 2002 and December 2011. During that period, 37% of patients in our database with a diagnosis of cervical myelopathy were treated with cervical laminectomy without fusion, while 51% had anterior surgery, 10% laminectomy with fusion, 1% laminoplasty, and 1% combined anterior and posterior surgery.
Indications for laminectomy were multilevel stenosis with involvement of at least 3 segments, congenital stenosis, or compression primarily resulting from posterior structures. Contraindications were clear kyphosis (>5 ) or spondylolisthesis (>2 mm). A mostly straight cervical spine with a Cobb angle of up to 5 of kyphosis was considered acceptable for laminectomy during the inclusion period, for which reason mild kyphosis was treated the same as a straight cervical spine. 15 Under the general policy of our institution as described above, the final choice of surgical method was left to the surgeon. Preoperative standard imaging included both magnetic resonance imaging and conventional radiography with dynamic images.
Eighty-eight patients fulfilled the criteria for the study and were identified from the population register as still alive and not immigrated; a letter was sent inviting them to participate in the study. After providing written consent, 65 of the 88 patients were followed-up with conventional radiography and completed a questionnaire covering the Neck Disability Index (NDI), 16 visual analogue scale (VAS) for neck pain, general health (EQ-5D index) and their global assessment of surgical outcome. Data regarding their surgeries was collected from the medical records.
Inclusion criteria for study participation were laminectomy with or without foraminotomy for CSM with or without radiculopathy. Exclusion criteria were other surgical procedures (ie, posterior fusion, anterior surgery, laminoplasty, or combined anterior and posterior surgery), prior cervical spine surgery, or systemic disease with involvement of the cervical spine (eg, rheumatoid arthritis or ankylosing spondylitis).
Five of the 65 patients (8%) were reoperated with fusion of the cervical spine during the follow-up period. These 5 patients have been excluded since the original plan could not be followed, leaving 60 patients without fusion in the presented data.
Average age at surgery was 60 years (SD 9.8, range 37-84 years) and 42 (70%) patients were male. Seven patients were operated with removal of 2 laminae, 21 with 3, 27 with 4, and 5 with removal of 5 laminae. C7 laminectomy was carried out in 18 patients (30%), while no patient had a C2 laminectomy.
The C2-C7 Cobb angle, C2-C7 sagittal vertical axis (cSVA), C7 slope ( Figure 1A and B) and T1 slope were all measured on 3 occasions: images taken preoperatively (preop), immediately postoperatively (postop), and at follow-up. Conventional lateral radiographs of patients in seated position were obtained. Postop films were obtained without cervical collar. Measurements of digital images were obtained using Impax software version 6.6.1.5003 2016 (Agfa HealthCare NV, Mortsel, Belgium). All images were measured by the radiologist (AB). In the majority of the cases the second measurement was made by author AO, who had not treated any of the patients, while the remaining measurements were made by the first author (HL). If the difference between the 2 measurements was greater than 3 or 3 mm, new measurements were taken until agreement within that interval was reached. The average of the final 2 measurements was then used for further calculations.
Since the T1 slope was impossible to measure on 22% of the images, compared with 2.3% for the C7 slope, and because it has been shown 17 that the C7 slope represents the same properties, although the measurements may not yield identical numbers, we only present the data for the C7 slope and use them in the analyses.
Statistics
We used the paired t test to compare preoperative radiologic measurements with follow-up measurements and the t test to analyze the radiologic measurements for dichotomized clinical data such as gender and whether or not C7 was included in the laminectomy. The Pearson correlation coefficient was used to analyze both the change in radiologic measurements in relation to the initial measurements and also the nondichotomized clinical data. The Spearman correlation coefficient was used to correlate radiologic measurements with VAS scores for neck pain, NDI and EQ-5D. The SAS/GLM procedure was used to compare radiologic measurements with patient global assessment.
The significance level was set at P < .05. The data analysis in this article was generated using SAS/STAT software, Version 9.4 of the SAS System for Windows.
Results
Mean C2-C7 Cobb angle was 8.6 (SD 9.0) preoperatively, 3.4 (10.7) postoperatively, and 9.6 (14.5) at follow-up. There was a statistically significant difference between preop and postop images (P < .0001), but not between preop and follow-up. Ultimately, 3 patients showed >20
kyphosis. The preoperative to follow-up increase in cSVA, and C7 slope was statistically significant (all Ps <.0001). All radiologic measurements are presented in Table 1 . Figure 2 shows images from a patient with changes typical of those seen in our study during follow-up.
None of the preoperative measurements correlated with the change in cervical lordosis. The preoperative cSVA and C7 slope correlated moderately with the change in cSVA from preoperative to follow-up, as did the preoperative C7 slope with the change in C7 slope. All correlation data is presented in Table 2 . A comparison of clinical outcomes with radiographic measurements at follow-up showed low to moderate negative correlations of follow-up C7 slope with neck pain (VAS) (r ¼ À0.28, P ¼ .048) and with neck disability (NDI) (r ¼ À0.30, P ¼ .03). No statistically significant correlation was found between either cervical lordosis or cSVA at follow-up and neck pain (VAS), neck disability (NDI), general health (EQ-5D index), or the patient's general assessment of clinical outcome.
No statistically significant findings were seen when comparing change in radiologic measurements between preoperative and follow-up images in relation to clinical data such as gender, age at surgery, and length of time until follow-up. Nor were there any statistically significant findings when comparing changes between preoperative and follow-up in radiographic measurements in relation to number of laminae removed and whether or not C7 was included in the laminectomy. Regarding change in C7 slope, the difference in outcome related to whether or not C7 laminectomy was included in the procedure was of borderline statistical significance, with a 95% confidence interval (CI), including the null value (À11.3 to 0.1), but with P ¼ .056. Regarding patients in whom C7 laminectomy was included, C7 slope increased an average of 16.4 (SD 9.2) by follow-up, compared with 10.8 (SD 9.2) among laminectomy patients without C7 involvement.
This study focuses on radiographic outcome, yet the overall clinical outcome for the 3 patients with >20
kyphosis at follow-up is of interest and therefore presented: a 56-year-old male at time of surgery with 35 kyphosis at follow-up rated his overall satisfaction with the surgical outcome as "satisfied" (scale: satisfied/uncertain/dissatisfied). He rated the change in neck pain as "significantly improved" (scale: completely disappeared/significantly improved/somewhat improved/ unchanged/worse). A 61-year-old female with 37 kyphosis rated her overall satisfaction as "uncertain." She had no neck pain. A third patient, a 53-year-old male with 21 kyphosis, was dissatisfied with the outcome. He scored the neck pain as unchanged. These responses are in line with the 3-month postop visit, where improvement was noted by the first 2 patients, but not the third. In all, 1 of these 3 patients rated the outcome as satisfactory. All had straight cervical spines without lordosis on preoperative imaging and their surgical procedures involved between 2 and 4 levels with duration of follow-up ranging from 76 to 98 months.
Five of the 65 patients (8%) were reoperated with fusion of the cervical spine during the follow-up period. One patient developed progression of myelopathy due to disc herniation of the most caudal decompressed segment C6/7. Anterior cervical decompression and fusion (ACDF) was performed 2 months postlaminectomy, thereby restoring the patient's ability to walk. One patient developed C1-C2 instability with myelopathy 5 years post C3-C6 laminectomy. Posterior fusion from occiput to C3 achieved good clinical results. Another 3 patients were operated with ACDF due to residual radiculopathy, but with no clear reduction of radicular symptoms. These 5 patients were excluded since the original plan to treat without fusion could not be followed. However, the results are very similar when including these patients.
Dropouts
Twenty-three patients declined follow-up. Average age was 66 years (SD 10), compared with 60 years (SD 10) for the study population (P ¼ .02); 61% were male, compared with 70% among the study population (P ¼ 0.4). Medical records, including our radiologic database, were checked for information concerning reoperation or severe disease progression. One of the 23 patients had additional cervical spine surgery with ACDF due to persistent arm pain 10 months postlaminectomy, but with no clear improvement of symptoms.
Discussion

Radiologic Measurements
Our preoperative radiologic measurements are consistent with those in earlier studies among patients with CSM, 15 those with neck pain with or without radiculopathy 14 and among Correlation coefficients (r) comparing radiologic measurements preoperatively, at follow-up, and with the change from preoperative to follow-up. P values within parentheses.
asymptomatic individuals. [16] [17] [18] [19] For cervical lordosis, a statistically significant difference was found between preoperative and postoperative images, but not between preoperative and follow-up, while concerning cSVA and C7 slope, a difference was seen between preoperative and follow-up images. Normal aging might have influenced the changes, since average followup time was 8 years. Cervical lordosis increased with age in normal populations as shown in several studies, [18] [19] [20] [21] [22] though Oe et al 23 found an increase only among women. Moreover, cervical lordosis may be considered to be a spinal segment adaptation related to global alignment in order to maintain horizontal gaze, 24 which compensates for the increase in thoracic kyphosis observed with increasing age. 20, 22, 23, 25 Our study found no correlation between the duration of the follow-up period and changes in any of the radiologic measurements. However, unaltered cervical lordosis at follow-up in our study may be due to a combination of factors, such as neutralization of normal aging-related lordosis and postoperative changes. We interpret the initial reduced lordosis seen in the postoperative images, that is, straightening of the cervical spine, to result from postoperative neck pain combined with the detachment of the extensor muscles required by the posterior approach.
Both cSVA and C7 slope increased during the follow-up period in our study, which we attribute to the influence of normal aging. Earlier studies have shown an increase in cSVA with age 18, 19, 22, 23 ; C7 slope 20 also increases with age, as does T1 slope, 18, 19, 22, 23 all of which are consistent with the increase in thoracic kyphosis seen with age. 20, 22, 23, 25 However, the magnitude of the increase varies between the studies, as does gender influence and the age interval during which the changes are most pronounced. Studies of elderly Asian populations [20] [21] [22] [23] present data from large subgroups. Data from 2 large studies for each parameter are presented in Table 3 together with data from our study. Large studies of C7 slope are rare (presented only by Yeh et al 20 ) , but data on T1 slope is more readily available and useful for comparison. In summary, the increase in our study is more pronounced than might be expected at follow-up compared with the studies presented above; there is, however, considerable variation among these studies. Similar studies of individuals with spondylosis would have been valuable for comparison to elucidate the extent to which increases in cSVA and C7 slope found in our study can be attributed to aging versus to surgical procedure. Tamai et al 17 have demonstrated good agreement between T1 and C7 slope, which is in line with our unpublished data from this study. We found C7 slope impossible to measure on 2% of the images compared with 22% for T1 slope, which makes C7 slope a more useful measurement.
Several studies 3, 5, [8] [9] [10] [11] [12] report increased kyphosis in 14% to 47% of patients postoperatively, but the frequency of severe kyphosis is rarely reported. van Geest et al 12 found postoperative kyphosis in 10 of 66 patients with preoperative lordosis, including 3 patients with >10
kyphosis. Kyphosis occurred almost exclusively when preoperative lordosis was <20
. Our study showed patients with both increased and decreased kyphosis at follow-up and therefore no overall change within this group. No correlation between any preoperative measurements and changes in lordosis was seen at follow-up. However, 3 of our patients (5%), all of whom had a straight cervical spine preoperatively, ultimately showed >20 kyphosis. This is consistent with the findings of a study by Kaptain et al, 11 in which patients with a straight cervical spine preoperatively were at about twice the risk of developing postoperative kyphosis compared with patients with a lordotic spine, 30% and 14% respectively. Kimmell and Maurer 26 recommend that "cervical laminectomy should be limited to patients with reasonable lordosis and not utilized in those with a frank kyphosis," while Farrokhi et al 15 suggest a limit of >10 kyphosis, at which point surgical plans should be modified.
In light of these findings, though not clearly shown by our data, it would seem reasonable to consider options other than laminectomy without fusion when preoperative imaging demonstrates a straight cervical spine without lordosis, such as anterior surgery, or posterior decompression with fusion when the kyphotic deformity corrects on extension films.
At follow-up, we found a strong correlation between lordosis and C7 slope and interpret this as an adaptive change in the cervical spine where an increase in lordosis compensates for the increased C7 slope.
Radiologic Measurements Versus Clinical Data
The impact of kyphosis on clinical outcome is a matter of debate. 1, 3, 8, 10, 11 A correlation between local kyphosis and neck pain has been found following anterior fusion for trauma. 27 and for myelopathy. 28 Furthermore, cadaver and animal models have shown that an increase in sagittal malalignment leads to greater cord tension, flattening, and an increase in intramedullary pressure, which results in neurological compromise. 24 Biomechanical studies show an increase in load bearing of the muscles in the cervical spine when cSVA or T1 slope are increased. 14 However, no study to date has established a correlation between total cervical lordosis and clinical outcome. 3, 5, 8, [10] [11] [12] [13] Guigui et al 8 observed that 31% of patients transitioned from a lordotic to a straight or kyphotic spine following laminectomy, with an average change of 14.5 in this patient group, but with no difference in clinical outcome compared with patients who remained lordotic.
We were unable to find any correlation between either cervical lordosis or cSVA and clinical outcome. Low to moderate correlations were found between C7 slope at follow-up and both neck pain (VAS) (r ¼ À0.28, P ¼ .048) and with neck disability (NDI) (r ¼ À0.30, P ¼ .03). However, these correlations were negative, which means that increased C7 slope correlates with less neck pain (lower VAS) and less neck disability (lower NDI). The underlying mechanism would be difficult to postulate, and we therefore interpret these findings as likely due to chance alone.
In contrast, in a study of patients following multilevel posterior fusion for cervical stenosis, myelopathy and kyphosis, Tang et al 29 observed a correlation between C2-C7 cSVA and neck disability (NDI) and calculated a threshold value of about 40 mm for such a correlation to hold. However, this correlation was weak (r ¼ 0.20, P ¼ .04), and in our study less than 30% of patients were greater than 40 mm at follow-up.
No correlations were found between the changes in cervical lordosis or cSVA at follow-up and clinical patient data. Regarding change in C7 slope, the difference in outcome related to whether or not C7 laminectomy was included in the procedure was of borderline statistical significance, with a 95% CI including the null value, but with P ¼ .056. The number of patients who underwent C7 laminectomy was higher than we had expected but decreased during the study period. We emphasize the importance of avoiding C7 laminectomy because of the substantially higher load on the C7 lamina compared with those of C3 through C6. 30 Including C7 would expose the vulnerable transition zone between the mobile cervical spine and the rigid thoracic spine to the risks of the procedure. We also stress the importance of avoiding detaching the muscles from the C2 spinous process. This approach helps to keep the muscle anchorage as intact as possible. Moreover, we wish to underscore the importance of limiting facetectomy to between 25% and 50%.
Among the 3 patients with >20 kyphosis at follow-up, 1 rated the outcome as "satisfied," 1 as "uncertain," and 1 as "dissatisfied." While it is impossible to draw any concrete conclusions from this small group, the outcome should be viewed in relation to the 55% of all patients in the study who rated their outcome as "satisfied" and in relation to the 53% of patients in our National Spine Registry who rated their outcome as "satisfied" in response to the same question 1 year after surgery for cervical myelopathy. 31 Five of the 65 patients (8%) in our study subsequently underwent fusion surgery and were excluded from the study. Considering the relatively large number of patients who required fusion surgery for residual arm pain, we find that this procedure should be considered concurrently in patients who initially present with pronounced radiculopathic pain, since extensive foraminal decompression can be facilitated through fusion, using either the anterior or posterior approach.
Combining laminectomy with fusion in the primary surgery entails a more complicated procedure, likely with higher risk for complications and higher costs. Katonis et al 32 studied patients treated with both laminectomy and fusion for the indication CSM and found that reoperation was required in 5.3% of cases due to fusion-related problems such as nerve injury, pseudarthrosis, or screw pull-out. Greiner-Perth et al 33 and Heller et al 34 reported a rate of 3% and 3.7%, respectively, of implantrelated revisions after posterior instrumentation. Few studies have compared laminectomy with and without fusion, but in a comparison between laminoplasty and laminectomy with fusion, Highsmith et al 35 found higher costs associated with fusion, mainly due to the costs of implants.
There are several alternative surgical procedures for posterior decompression. Laminectomy is the traditional method and is still commonly performed 3 ; laminoplasty and laminectomy combined with fusion have long been in widespread use 2, 9 in part because of the reported risk of kyphosis following laminectomy. More recently, new options such as skip laminectomy 36 have been introduced because this technique is less invasive, and results have been presented showing that cervical lordosis is maintained at follow-up at least 1 year postop. 37 
Strengths and Weaknesses
Since our study is retrospective and we lack preoperative clinical data, we are able to compare radiologic measurements with final clinical outcome, but not with the change in clinical data between the preoperative period and follow-up, nor can we compare final clinical outcome with preoperative findings. Preop and postop images were taken with the patients in seated position; consequently, the images taken at follow-up had the patients in the same position. Our study focused on alignment of the cervical spine, without considering the thoracic or lumbar spine. The various segments of the spine do not function independently of each other; for example, cervical lordosis may compensate for thoracic kyphosis. 19, 24 In summary, our study shows that cervical laminectomy without fusion produces an acceptable radiographic outcome when used on a select group of patients with CSM. Within the group, no differences were found between preoperative images and follow-up images for cervical lordosis, while cSVA and C7 slope did increase. Ultimately, 3 patients (5%) showed >20 kyphosis, all of whom had a straight cervical spine preoperatively. No clear correlation was found between radiographic measurements and clinical outcome data.
